Introduction: Food choice is strongly influenced through economic constraints. The monetary costs for foods, especially those foods associated with a lower risk of obesity, have considerably increased during the last years. The purpose of this study was to determine the cost differences between low and high adherence to two dietary patterns which have been inversely associated with body mass index (BMI) and obesity. Methods: The subjects were Spanish men (n ¼ 1547) and women (n ¼ 1615) aged 25-74 years who were examined in 1999-2000, in a population-based cross-sectional survey in the northeast of Spain (Girona). Dietary intake was assessed using a food frequency questionnaire. Two dietary quality indices, namely the Mediterranean Diet Score (MDS) and the Healthy Eating Index (HEI), were created. Average food prices were calculated. Anthropometric variables were measured. Results: Adjusted linear regression analysis revealed that an increase in 1 Euro (1.25$) of monetary diet costs per day was associated with a change of 0.46 units (Po0.001) and 2.03 units (Po0.001) in the MDS and HEI, respectively. The magnitude of the association was similar for both scores after standardization. Subjects who closely adhered to the MDS and HEI paid daily 1.2 Euro (1.50$) (Po0.001) and 1.4 Euro (1.75$) (Po0.001) more for food consumption, respectively, than those who weakly adhered to these dietary patterns. Multiple linear regression analysis adjusted for several confounders showed an inverse association of the MDS (P ¼ 0.011) and the HEI (Po0.001) with BMI. The risk of obesity (BMIX30) significantly decreased across quartile distribution of MDS (P ¼ 0.004) and HEI (P ¼ 0.001). Conclusion: Data showed that a high adherence to the MDS and HEI, both inversely associated with BMI and obesity, led to higher monetary costs as compared to a low adherence. This might be of importance for public health policies in an effort to develop strategies to promote healthy diets preventing weight gain.
Introduction
The obesity epidemic is becoming a fundamental challenge for health policies. Obesity is among the top five health risk conditions of developed countries. The prevalence of excessive weight is, apart from its adverse health effects, [1] [2] [3] [4] [5] [6] [7] [8] [9] a tremendous economic burden for public health. 10 Lifestyle factors are the main candidates in driving this epidemic. 11, 12 Food overconsumption and sedentary lifestyle cause energy imbalance, which in turn leads to weight gain. Promoting dietary patterns that prevent weight gain is an imperative for obesity-preventing strategies. High-quality diets like the Mediterranean diet, or diets closely adhering to the Healthy Eating Index (HEI), have been associated with a lower risk of obesity. 13, 14 Food choice is influenced by a large number of factors 15 including taste, cost and convenience and, to a lesser extent, health and variety. 16 It has been shown that economic constraints lead to the consumption of less healthy diets characterized through high energy density and palatability. [17] [18] [19] Furthermore, Cade et al. 20 showed that a high adherence to a healthy dietary pattern, calculated through the Healthy Diet Indicator, was associated with higher monetary costs. Economic constraints, and their effects on food choices, have to be taken into account for the development of dietary tools for weight gain prevention. Limited economic resources might be a stronger criterion for food choice in low-income groups than health concerns. There is still no information on the monetary costs of healthy dietary patterns, inversely related to body mass index (BMI), at the population level. The objective of the present study was to analyze the monetary cost of the adherence to the traditional Mediterranean diet and the HEI in a representative Spanish population.
Materials and methods

Sample population
Six thousand free-living Spanish men and women, aged between 25 and 74 years, were randomly selected from the general population of Girona according to the 1996 census, and participated in this study from 1999 to 2000. After excluding census errors, 4359 eligible subjects were left, of whom 3179 agreed to participate. The study was conducted according to the guidelines of the Helsinki Declaration, and the study protocol was approved by an Ethics Committee. All participants gave their informed consent.
Dietary costs assessment
Monetary costs for all 165 food items of the food frequency questionnaire (FFQ) were calculated by multiplying the amount of food consumed from the FFQ with average national prices. These prices were obtained from a detailed database of the Secretaria de Estado de Turismo y Comercio de España. 21 The average prices for a large amount of different foods are updated every week in this database. For the study purpose, we chose the average accumulated prices up to the last week of May 2005.
Lifestyle variables
Food consumption and nutrient intake were measured by a validated FFQ 22 administered by a trained interviewer. The optical readable FFQ asked for the usual food intake over the past year. The food list comprised 165 items including foods, alcoholic and non-alcoholic beverages. Energy consumption and nutrient intake were calculated from the FFQ using the Medisystem 2000 software (Conaycite, Madrid). For each food item, participants were asked to indicate their usual consumption from the nine frequency categories, ranging from never or less than once a month to six or more times a day. The FFQ did not include standard questions on portion size but rather specific medium servings, defined by natural (e.g. one orange, one slice of bread) or household units (e.g. one spoon, one cup, one glass). Three combined foods are included in the FFQ: paella, canelones (pasta with meat) and croquets. Costs of these food items were calculated using prices of frozen equivalents of a nation-wide distributed supermarket (Mercadona, Spain). Leisure-time physical activity was measured by the Minnesota physical leisure-time questionnaire, which had been previously validated for Spanish men and women. 23, 24 Information on smoking and alcohol drinking habits were obtained by a structured open-end questionnaire. Participants were categorized as people who had never smoked, former smokers and current smokers. Participants were asked to report their alcohol consumption of typical beverages during the previous week. Information on smoking habits of the participants was obtained by a structured interview. Participants were categorized as people who had never smoked, former smokers (41 year) and current smokers (at least 1 cigarette/day on average during the last year). The latter were asked for the average daily amount of cigarettes smoked.
Calculation of energy density
Energy density refers to the amount of energy in a given weight of food. Energy density was calculated by dividing the energy intake of all foods consumed (kJ/day), with the exception of non-caloric and caloric beverages, through the total weight (g/day) of foods consumed.
Dietary pattern
We computed two dietary indices, namely the Mediterranean diet and the HEI. The characteristics of the Mediterranean diet scoring system based on the traditional food consumption of the Mediterranean region have been described. 25 In brief, the score was calculated, with the exception of red wine, according to the tertile distribution of energy-adjusted food consumption. 26 The lowest tertile was coded as 1, medium as 2 and highest as 3, for cereals, fruits, vegetables, legumes, fish, olive oil and nuts. The highest tertile was coded as 1, medium as 2 and lowest as 3 for meat and dairy products. Red wine consumption was computed as alcohol intake proceeding from red wine (0 g and more than 20 g of alcohol ¼ 1, and up to 20 g of alcohol ¼ 3). The values of distribution of all dietary components were calculated. The resulting Mediterranean diet score ranged from 10 to 30. The HEI consists of 10 equally weighted components combined into an index ranging from 0 to 100 points. 27 Each of the components represents different dietary recommendations of the food guide pyramid 28 and the 1995
Dietary Guidelines for Americans. 29 The components 1-5
(grains, vegetables, fruits, meats and milk) were calculated by comparing the number of servings reported for these five food groups with the recommended number of servings according to age and sex. Each component was scored proportionally from 0 to 10. The recommended number of food group servings for the HEI varies by estimated energy level. Using age and sex for this assigning assumes that these variables are an acceptable proxy for energy requirements. Hence, an energy-adjusted food intake was not used. 27 The components 6-9 quantify the adherence to the recommended dietary intakes of total fat (percentage of energy intake), saturated fat (percentage of energy intake), cholesterol and sodium. We quantified the variety component differently according to McCullough et al. 30, 31 Subjects were grouped into 11 equal quantiles according to the number of individual foods consumed per month, and the groups were assigned scores of 0-10.
Anthropometric measurements
A precision scale of easy calibration was used for weight measurement. Readings were rounded to 200 g. Individuals 
Results
General characteristics of the study population are presented in Table 1 . Higher adherence to the MDS and HEI was directly associated with age, and lower prevalence of smoking, elevated alcohol consumption and sedentary lifestyle. Body mass index decreased across quartile distribution of the MDS and the HEI (Table 1) . Energy-and age-adjusted analysis revealed that subjects with a high adherence to the MDS and HEI paid 7.92 Euro (9.90$) and 8.14 Euro (10.2$), respectively, for their daily food consumption. In contrast, Table 2 shows the monetary food costs of the present population. The consumption of fruits and vegetables counts for 35% of total food costs of the average diet (Table 2) . A higher adherence to the MDS (top quartile) and HEI (top quartile) was significantly associated with higher monetary costs of vegetable/legume, fruit/nut, cereals and fish as compared with a low adherence (first quartile) of both dietary scores (Table 3) . Linear regression analysis revealed a direct association of monetary diet cost with both dietary patterns (Po0.001). The magnitude of the association was similar between both dietary scores (Table 4) . Stratifying this analysis for educational level did not reveal differences, either in magnitude or direction, among educational levels (Table 4 ). In contrast, energy density decreased (Po0.001) with an augment in diet costs. Both dietary patterns were inversely associated with energy density (Po0.001). An increase of 10 units in the MDS and HEI was associated with a change of BMI by 0.73 (confidence interval: À0.129, À0.010; P ¼ 0.011) (standardized regression coefficient ¼ À0.281) and 0.34 (confidence interval:
À0.049, À0.018; Po0.001) (standardized regression coefficient ¼ À0.370), respectively after adjusting for age, sex, leisure-time physical activity, smoking, alcohol consumption, energy intake and educational level. The risk of obesity significanlty decreased across quartile distribution of MDS and HEI (Table 5) .
Discussion
The most important result of the present study was that monetary diet costs increased with higher adherence to the MDS and HEI. Furthermore, both dietary patterns were inversely associated with BMI and obesity after controlling for several confounders. The promotion of healthy diets with the potential to facilitate energy balance and, hence, prevent weight gain is an essential tool for health policy to combat against the obesity epidemic. The traditional Mediterranean diet and the HEI are two dietary patterns associated with lower risk of obesity, 13, 14 chronic diseases 30, 31 and mortality. 32, 33 In the present study, we found that both dietary patterns were inversely associated with BMI. This finding is not entirely Monetary costs of dietary patterns associated with BMI H Schröder et al new because we recently reported an inverse association between the MDS and BMI. 14 However, there is an important difference to our previous data. We additionally included in the present MDS the consumption of olive oil and dairy products. This is of importance concerning the high energy density of olive oil. Nevertheless, the association of the MDS and BMI still remains significant after including olive oil and dairy products in the score. Furthermore, it is interesting to note that another dietary pattern, the HEI, which is conceptionally different from the MDS, was also associated with lower BMI in a Mediterranean population. In the present study, energy density of the diet decreased with increasing adherence to the MDS and HEI. The low degree of energy density associated with high adherence to the MDS and HEI seems to be an important common characteristic of both dietary patterns. Recently, Kant and Graubard 34 have
shown that a decrease of the energy density of the diet reduced the risk of excessive weight. These data suggest that low energy density dietary patterns might be a promising tool for the prevention of weight gain. The traditional Mediterranean diet, which is characterized by a high consumption of low energy density plant foods, and also moderate and high density foods like cereals, fish, nuts and olive oil, seems to be of particular interest because of its high palatability. The calculation of the monetary costs of the diet in the present population is based on a detailed weekly publication of average food prices by the Spanish Ministry of Industry, Commerce, and Tourism. 21 The consumption of vegetables and fruits counts for more than one-third of the total costs of the average diet in the population. 17, 35 have shown that cost constraints adversely affected food choice. Higher energy density and a general low diet quality were associated with higher economic constraints in their population. Furthermore, higher cost for a healthy diet than for a less healthy diet has been reported in the UK Women's cohort study. 20 Price is one of the important determinants of food choice. 36, 37 Several intervention studies by French et al. [38] [39] [40] clearly showed that price reduction of healthy food increased its consumption. [38] [39] [40] A 50% price reduction of fruits and vegetables, characteristic components of the Mediterranean diet, augmented sales from 14 items per week to about 63 items per week in secondary school cafeterias. 40 These data show that lowering prices of healthy foods is a successful strategy to promote their consumption. Economic concerns strongly influence food choice, particularly in low socioeconomic groups. 41, 42 In the present population, 25.6 and 25.7% of basic educated subjects and 22.4 and 19.7% of elevated/high educated subjects reported a high adherence to the MDS and HEI, respectively. Furthermore, magnitude and direction of the association of monetary costs with the MDS and HEI were similar between participants with basic education and those with elevated/ high education. Although there is a direct relationship between educational degree and income in Spain, 43 our data suggest that a lower socioeconomic status did not affect food choices even when higher prices had to be paid for these foods. However, the present population belongs to the wealthiest region of Spain (the province of Girona, Catalonia) and, hence, less influenced by socioeconomic inequalities. In contrast, populations characterized through high socioeconomic inequalities might be more affected by economic constraints. This might partially explain the smaller consumption of healthy foods, like vegetables and fruits, among low-education and low-income groups. Hence, the observation that healthy dietary patterns, which might promote weight maintenance, cost more has important implications for public health policy. In Spain, particularly, the prices of vegetables, fruits, cereals, fish and edible fats (predominantly olive oil) have increased by 21.1, 28.8, 13.7, 11.3 and 36.7%, respectively, during the last 4 years. 43 In contrast, the price of meat increased only by 7.5% during this time period. It is of interest that the strongest increase was observed for foods that are characteristic components of the Mediterranean diet. Nowadays, an enormous variety of non-typical Mediterranean diet foods is easily available. A large part of these foods are characterized through high energy density, palatability and low price/energy content relationship. Owing to this fact, promoting a diet composed of healthy, but more expensive, food might be difficult, particularly for low-income groups.
In conclusion, vegetable and fruit consumption counts for nearly one-third of the total monetary costs of the average diet of the present population. Diet costs increased with higher adherence to the MDS and the HEI. The magnitude of monetary difference between low and high adherence to the MDS and HEI was considerable. Both dietary patterns were inversely associated with BMI. In an effort to identify and promote dietary patterns to prevent weight gain, monetary costs should be considered. Otherwise, this effort will run the risk of being in vain, particularly in low-income groups.
